and has traditionally been regarded as a pure motor neuron disease. However, recent studies in SMA animal models suggest that motor neuron degeneration is the result of cumulative dysfunctions in different cell types. We and others have shown that motor neurons in zebrafish SMN morphants initially form normally but later develop abnormal axon morphology, rendering them unable to innervate the muscles. Here we show that morpholino knockdown of SMN also results in an early down-regulation of pax6a, sox2 and nestin, which are genes important for general neuron progenitor maintenance and differentiation. Whole-mount in situ hybridization (WISH) suggests that defects in differentiation are restricted to subtypes of ventral interneurons that are located in the vicinity of motor neurons and express the post-mitotic markers eng1b, pitx2, gata3 and sim1a. These pre-motor interneurons were found to be reduced in number and dorsal gata3 + interneurons were ectopically localized. Consistent with this, immunostaining for the post-mitotic differentiation marker HuC/D revealed widespread defects in neuron organization throughout the spinal cord. Importantly, ubiquitous overexpression of a mCherry-Smn fusion protein rescued the number of affected interneurons as well as the aberrant motor axon morphology associated with SMN knockdown. Although the functional consequences of the described interneuron defects on motor neuron activity and degeneration remain to be addressed, our data implicate pre-motor interneuron defects in a zebrafish model for SMA. Glucocorticoid signalling via the glucocorticoid receptor (GR) is essential for normal lung maturation. Previous work using conditional mouse knockouts of the GR gene established that GR activity in the mesenchymal compartment of the lung is required for normal respiratory development. Screens for differentially expressed genes in the mesenchymal GR-deficient lung (GRmesKO) have identified the extracellular matrix (ECM) proteoglycan Versican (Vcan) as a potential GR-regulated repressed gene target. As well as an important structural ECM protein, Vcan has an important role as a cell surface receptor for the epithelial-derived growth factor midkine to regulate cell proliferation during organogenesis. Alternative exon splicing of the Vcan gene generate 5 isoforms V0, V1, V2, V3 and V4 that vary in structure and function.
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We hypothesised that the severe mesenchymal cell hyperplasia observed in the saccular-stage GRmesKO fetal mouse lung is in part due to the lack of GR-mediated repression of Vcan levels. We performed isoform specific qPCR and immunohistochemistry on the GRmesKO fetal lung. We observed that all Vcan isoform mRNA levels in the fetal mouse lung decline from E14.5 to P0.5. We also show that the V1 isoform containing the beta domain of Vcan is far more abundant in E16.5 lung than E18.5 suggesting that the beta domain is spatially regulated in late lung development.
All four isoform mRNA levels showed a 2-3 fold increase in E18.5 GRmesKO lungs relative to controls. Surprising, we only detected small differences in Vcan protein immunostaining between GRmesKO, GRnull and controls. To further demonstrate the role of Vcan in lung maturation we performed siRNA mediated knockdown of Vcan expression in primary rat lung fibroblasts. At 24 hours post-treatment, we observed no significant difference in cell proliferation rate. In summary, glucocorticoid steroids regulate repression of the ECM protein Vcan to contribute to coordinated normal respiratory development in mammals. Cilia are highly conserved organelles protruding from the surfaces of many different cell types across species. Since cilia are implicated in essential cellular processes, defects of ciliary structure and function have been identified as the underlying causes of severe genetic disorders collectively called ciliopathies. We make use of the X-box promoter motif recognized by the RFX transcription factor DAF-19, the major regulator of ciliogenesis in C. elegans, to identify genes involved in human ciliopathies. Using a C. elegans derived X-box search, we have identified several hundred human genes with conserved X-box motifs. The identified X-box genes are candidate ciliary genes as is the case in C. elegans, Drosophila and other species. Currently, we focus on genes associated with dyslexia, the most common reading disorder. In the promoters of human DYX1C1, DCDC2 and KIAA0319, the three most-replicated dyslexia candidate genes, we identified conserved X-box motifs. We demonstrate their functionality as well as ability to recruit RFX using reporter gene and electrophoretic mobility shift assays. Furthermore, we uncover a complex regulatory interplay between human RFX1-3 and their effects on the endogenous expression of DYX1C1 and DCDC2 in human RPE-1 cells. Induction of ciliogenesis increases the expression of RFX and dyslexia candidate genes. Endogenous DYX1C1 localizes to the ciliary base while DCDC2 localizes along the entire ciliary axoneme. Finally, over-expression of human DCDC2 leads to ectopic branching of ciliated neurons in C. elegans. Our results demonstrate that the evolutionarily conserved X-box motif can be used to identify ciliary candidate genes across species. with isolated left-right (L-R) asymmetry defects associated with severe congenital heart anomalies. Through homozygosity mapping, whole-exome sequencing, and high-throughput cohort resequencing, we uncovered biallelic germline loss-of-function mutations in a hitherto unannotated human gene, that we named "TOUT-DE-TRAVERS (TDT)". TDT codes for a conserved metalloprotease that has never been characterized in any model system.
Using zebrafish, we established that tdt is zygotically and uniquely expressed in the dorsal forerunner cells (DFCs) that later form the ciliated laterality organ (Kupffer vesicle, KV). We further show that tdt's expression is under Foxj1a control, a known master regulator of the motile ciliogenic program.
CRISPR/Cas9-mediated knockout tdt-/-zebrafish display organ randomization along the entire L-R axis, including brain, heart and gut heterotaxy. This phenotype is due to Nodal signaling defects.
Altogether, our results firmly establish Tdt as a node-specific protein and as a frequently mutated gene in patients with laterality defects. It is the most common genetic cause of infant mortality, affecting approximately 1 in 10,000 live births. The disease primarily affects spinal motor neurons (MNs), which subsequently leads to muscle paralysis and death. While previous studies mostly focused on cell-autonomous mechanisms leading to MN death, noncell autonomous contributions by other neuronal and nonneuronal cell types are beginning to gain recognition. Our lab has shown that Schwann cells (SCs), peripheral glia cells ensheathing motor neurons, contribute to the disease in a non-cell autonomous manner. Using the calcium biosensor d3cpv, our lab demonstrated reduced calcium levels in Schwann cells under SMN knockdown conditions, which occur independent from motor neuron defects. Next, we showed that motor neuron defects induced by SMN knockdown can be partially rescued by expressing a SMN transgene specifically in SCs using a Sox10 promoter. This result is consistent with findings recently reported in a SMA mouse model. To elucidate the non-cell autonomous mechanisms in SCs leading to MN defects under SMN deficient conditions, we used FACS and RNA sequencing to investigate transcriptome changes in SCs. Our analysis using Partek and MATS based on the GRCz10 genome assembly identified a total of 450 differentially expressed genes and 63 differential splicing events. Currently, selected candidate genes are validated and functionally characterized. This will uncover novel molecular mechanisms mediated by diseased SCs on MNs in this common neurological disease. Although the human tail is completely absent at birth, the embryonic tail is formed in humans just as in other tailed amniotes. Since all morphological variations observed in adults are created from the variation of developmental processes, elucidation of the process and mechanism of tail reduction during human embryonic development would be necessary to clarify the human evolutionary process. In this study, we paid attention to the transition of the number of somites, vertebral primordia, during development. We used sagittal sectioned embryos from Carnegie Stage (CS) 13 to CS23. All samples we used were housed at the Congenital Anomaly Research Center in Kyoto University. Combining photomicroscopy of sectioned samples and three-dimensional reconstruction, we have clearly visualized and labeled all somites. Consequently, we found that the number of somites peaked at CS16, and dramatically decreased approximate five somites. This kind of event, tail reduction with a decrease of somites, is also observed in other short-tailed amniotes, and thus this result suggested the possibility that the common mechanism for morphogenesis of short tails works not only in humans but also in other amniote species broadly. Mab21l2 is a member of a gene family well conserved from invertebrates to vertebrates. In invertebrate model, mab-21 works downstream of BMP/TGF-β signaling pathway in sensory organ formation. Genetic ablation of Mab21l2 in mouse leads to severe eye malformation and embryonic lethality at mid-gestation stage. Although wild type MAB21L2 protein can bind to ssRNA, the function remains unknown. Five missense mutations in MAB21L2 were identified by exome sequencing from samples of human patients with bilateral eye malformations. These patients also have skeletal dysplasia and intellectual disability (Rainger et al., 2014; Deml et al., 2015) . The phenotype is most severe in patients with the dominant MAB21L2R51C/+ mutation. To evaluate the pathology of this mutant allele systematically, we adopt the CRISPR/Cas9 system to introduce this same mutation into the mouse genome. The Mab21l2R51C/+ mutant mice showed small eye phenotype and contractures in both elbow and knee joints. While the eye balls were absent in the mutant mice, optic nerves and two abnormal neuro epithelial structures expressing retinal specific markers, e.g., Pax 6, were found to be connected with hypothalamus. The abnormal tissue was likely to be the remnants of the retina during the eye formation. In addition, micro-CT also showed that the joint contracture was caused by joint fusion. The humerus was fused with radius in the elbow, while femur was fused with tibia. Limbs in the mutant animals were distinctly shorter than the wild type; and the deltoid tuberosity in humeri was also absent in these Mab21l2R51C/+ mutant mice. In summary, the phenotypes of our Mab21l2R51C/+ mutant mice generated by
